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[57] ABSTRACT 

A method for forming a MOSFET (200) using a disposable 
gate. A disposable gate (220) having at least tWo materials 
that may be etched selectively With respect to each other is 
formed on a substrate (202). A sideWall dielectric (215) is 
formed on the sideWalls of the disposable gate (220). The 
composition of the disposable gate materials (222,223, and 
224) and the sideWall dielectric (215) are chosen such that 
the disposable gate (220) may be removed selectively With 
respect to the sideWall dielectric (215). A dielectric layer 
(214) is then deposited over the structure and a portion of the 
dielectric layer (214) is removed to expose the disposable 
gate (220) (e.g., using CMP or an etch-back). The compo 
sition of the dielectric layer (214) is chosen such that (1) the 
dielectric layer (214) may be removed selectively With 
respect to the sideWall dielectric (215) and (2) a layer of the 
disposable gate (220) may be removed selectively With 
respect to the dielectric layer (214). The disposable gate 
(220) is then removed and the gate dielectric (210) and gate 
electrode (212) are formed. 

12 Claims, 2 Drawing Sheets 
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METHOD OF FORMING A MOSFET USING 
A DISPOSABLE GATE WITH A SIDEWALL 

DIELECTRIC 

FIELD OF THE INVENTION 

This invention generally relates to semiconductor pro 
cesses and more speci?cally to forming a MOSFET struc 
ture using a disposable gate process. 

BACKGROUND OF THE INVENTION 

As CMOS technology continues to scale further into the 
sub-micron region, it becomes increasingly dif?cult to keep 
suf?ciently loW gate sheet resistance, loW junction 
capacitance, and loW junction depth of source/drain exten 
sions under the gate. A conventional CMOS transistor 10 is 
shoWn in FIG. 1. Source/drain regions 14 are formed in a 
substrate 12. The polysilicon gate electrode 18 is separated 
from the substrate 12 by gate oxide layer 16. SideWall 
dielectrics 20 are formed on the sideWalls of gate electrode 
18. Transistor 10 typically includes source/drain extensions 
22 that extend under sideWall dielectric 20. 

As transistor 10 is scaled into the deep sub-micron region, 
the polysilicon gate lineWidths become narroWer and nar 
roWer. This increases the gate sheet resistance. Achieving 
loW gate sheet resistance becomes dif?cult even When sili 
cided polysilicon is used. The source/drain junction regions 
14 and source/drain extensions 22 must also become shal 
loWer to avoid undesired short-channel effects and roll-off of 
the threshold voltage at short channel lengths. HoWever, in 
the deep sub-micron region, it is dif?cult to achieve shal 
loWer doping pro?les by conventional means such as ion 
implantation. Therefore, there is a need for a CMOS tran 
sistor structure that can be scaled further into the sub-micron 
region While maintaining suf?ciently loW gate sheet 
resistance, small junction depth, and loW junction capaci 
tance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 is a cross-sectional diagram of a prior art MOSFET 

structure; 
FIG. 2 is a cross-sectional diagram of a MOSFET forming 

according to a ?rst embodiment of the invention; 
FIGS. 3A—3H are cross-sectional diagrams of the MOS 

FET of FIG. 2 during various stages of fabrication; 
FIG. 4 is a cross-sectional diagram of an alternative 

embodiment for the MOSFET of FIG. 2 during fabrication; 
FIG. 5 is a cross-sectional diagram of an alternative 

embodiment for the MOSFET of FIG. 2 during fabrication; 
FIGS. 6A—6C are cross-sectional diagrams of an alterna 

tive embodiment for the MOSFET of FIG. 2 during fabri 
cation; 

FIG. 7 is a cross-sectional diagram of a MOSFET formed 
according to a second embodiment of the invention; 

FIGS. 8A—8G are cross-sectional diagrams of the MOS 
FET of FIG. 4 during various stages of fabrication. 

Corresponding numerals and symbols in the different 
?gures refer to corresponding parts unless otherWise indi 
cated. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The invention Will noW be described in conjunction With 
a raised source/drain MOSFET for the deep submicron 

15 

25 

35 

45 

55 

65 

2 
regime (i.e., tenth-micron and beloW). Those of ordinary 
skill in the art Will realiZe that the bene?ts of the invention 
are also applicable to other MOSFET structures and that the 
bene?ts are not limited to the deep sub-micron regime. 

A raised source/drain MOSFET 100 formed according to 
a ?rst embodiment of the invention is shoWn in FIG. 2. 
MOSFET 100 is formed in substrate 102 and comprises 
ultra-shalloW source/drain junction regions 104 beloW raised 
source/drain regions 106. Raised source/drain regions 106 
are, for example, doped epitaxial silicon. HoWever, other 
materials such as other semiconductors, metals, or silicides 
may alternatively be used. Channel doping is substantially 
limited by means of self-alignment to the immediate channel 
region 108. This reduces the source/drain junction capaci 
tance over the traditional methods of (a) implanting the 
entire active area for the channel implant including the 
source/drain junction regions, or (b) using non-self-aligned 
but more localiZed channel implant. 

A gate dielectric 110 separates the gate electrode 112 from 
the channel region 108 and raised source/drain regions 106. 
Gate dielectric 110 may comprise any appropriate material. 
Conventionally, a thermally groWn oxide, oxynitride, or 
deposited gate insulator is used. Gate electrode 112 prefer 
ably comprises a loW resistance material such as metal or 
doped polysilicon. HoWever, other conductive materials, 
such as amorphous silicon, a non-crystalline silicon, a 
composite metal-polysilicon or metal-metal, may alterna 
tively be used. Examples include aluminum over titanium 
nitride and tungsten over titanium nitride. Gate electrode 
112 is also preferably salicided to further reduce sheet 
resistance if polysilicon is used. If desired, gate electrode 
112 may be formed into a T-gate structure as shoWn in FIG. 
2. AT-gate structure is not required to practice the invention, 
but offers further reduction in gate sheet resistance. 

An insulator layer 114 separates the raised source/drain 
regions 106 from the overlying portions of the T-gate 
structure 112. The material of insulator layer 114 is chosen 
such that a disposable gate material used during processing 
may be etched selectively With respect to dielectric layer il4. 
This Will be described further beloW. For example, insulator 
layer 114 may comprise an oxide. The thickness of insulator 
layer 114 may be tailored to alloW for a loW gate-to-drain 
capacitance betWeen the raised source/drain regions 106 and 
the overlying portion of the T-gate structure 112. 
A method for forming MOSFET 100 according to the ?rst 

embodiment of the invention Will noW be described in 
conjunction With FIGS. 3A—3H. Referring to FIG. 3A, a 
disposable gate 120 is formed on an active area of substrate 
102 over the region Where the channel region of MOSFET 
100 is desired. In the preferred embodiment, disposable gate 
120 comprises tWo materials, ?rst material 122 and second 
material 124. The ?rst and second materials 122 and 124 are 
chosen so that they may be selectively etched With respect 
to each other. For example, they may comprise oxide and 
nitride respectively. The ?rst material is also chosen so that 
it may be etched very selectively With respect to silicon to 
avoid damaging the channel region upon its removal. 

Next, raised source/drain regions 106 may be formed. The 
source/drain regions 104 and/or 106 may be formed in 
various Ways. One preferred method Will noW be discussed 
and alternative methods Will be discussed further herein 
beloW. Raised source/drain regions 106 may comprise mate 
rials such as semiconductors, metals, silicides, or combina 
tions thereof. In this exemplary embodiment, an epitaxial or 
amorphous layer of, for example, silicon is selectively 
formed over substrate 102 adjacent disposable gate 120, as 
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shown in FIG. 3B. Disposable gate 120 is used as a masking 
layer for the epitaxial process. Thus, raised source/drain 
regions 106 are self-aligned to disposable gate 120. Angled 
faceting of an epitially formed raised source/drain region 
106 at the edge of the disposable gate 120 may occur. The 
degree of faceting may be partially controlled by adjusting 
process parameters of the cleaning and deposition processes. 

Raised source/drain regions 106 are doped With an appro 
priate dopant. If silicon material is used for the raised 
source/drain regions 106, a n-type dopant, such as phospho 
rous and/or arsenic or antimony, is used for a n-channel 
MOSFET and a p-type dopant, such as boron, is used for a 
p-channel MOSFET. Preferably, raised source/drain regions 
106 are doped in situ by appropriate means of deposition and 
masking, but they may alternatively be doped after deposi 
tion by means such as implant if the raised source/drain 
regions 106 comprise a material such as silicon, metal, or 
salicide. 

If desired, a selected portion of the raised source/drain 
regions 106 may be cladded after their formation. The 
cladding forms a loW resistance material over the raised 
source/drain regions by means of e.g., salicidation or for 
mation of a metal layer over a portion of the raised source/ 
drain regions 106. Cladding prior to the formation of the 
gate dielectric and gate electrode reduces the heat treatments 
seen by the gate dielectric and gate electrode. 

Referring to FIG. 3C, a insulator material 114 is deposited 
over the structure. Insulator material 114 is chosen such that 
it may be etched selectively With respect to the second 
material 124 of disposable electrode 120. For example, if the 
second material 124 is nitride, insulator material 114 may 
comprise an oxide. Insulator material 114 is then removed to 
expose disposable gate 120, as shoWn in FIG. 3D. For 
example, an etch-back process or chemical-mechanical pol 
ishing (CMP) may be used. Alternatively, a patterned etch of 
insulator material 114 in the proximity of the disposable gate 
120 may be used. Insulator layer 114 covers raised source/ 
drain regions 106, but not the surface of disposable gate 120. 

Next, the second material 124 of disposable gate 120 is 
selectively removed, as shoWn in FIG. 3E. Because the 
composition of ?rst material 122, second material 124 and 
insulator material 114 are chosen such that second material 
124 may be selectively etched With respect to both insulator 
material 114 and ?rst material 122, insulator layer 114 and 
?rst material 122 are not appreciably removed during the 
removal of second material 124. After the removal of second 
material 124, ?rst material 122 is removed. Again, due to the 
judicious choice of materials and/or etch processes, ?rst 
material 122 is removed Without etching into the substrate 
102. Severe damage to the channel region 108 of substrate 
102 is thereby avoided. 

Referring to FIG. 3F, introduction of channel dopants 
(e.g., by means such as a channel (or Vt) implant or gas 
immersion laser doping) is performed either before or after 
the removal of ?rst material 122. Because insulator layer 114 
covers raised source/drain regions 106, the introduction of 
channel dopants is substantially limited to only the imme 
diate channel 108 area. The introduction of channel dopants 
is self-aligned to the raised source/drain regions 106. This 
prevents an increase in the capacitance of the subsequently 
formed source/drain junction region over prior art methods 
in Which the channel implant is not self-aligned to the 
channel but extends into the source/drain junction regions as 
Well. 

Next, a gate dielectric 110 is formed folloWed by the 
deposition of gate material 126, as shoWn in FIG. 3G. Gate 
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4 
dielectric 110 may comprise a groWn and/or deposited 
oxide, oxynitride, or any other suitable gate dielectric mate 
rial including materials With higher dielectric constant than 
silicon dioxide. If gate dielectric 110 is deposited, then it 
may be nearly conformal along the vertical edges of insu 
lator 114 as Well as on top of insulator layer 114 (not shoWn). 
The lateral dimension of the gate material 126 adjacent to 
the gate dielectric 110 is determined by the opening in 
insulator material 114 left by the removal of the disposable 
gate 120. Thus, the actual channel length is not determined 
by the patterned etch of the gate material 126. The opening 
left by the removal of disposable gate 120 may be such that 
the gate dielectric 110 and gate material 126 do or do not 
extend directly over a portion of the raised source/drain 
regions 106 and/or doped source/drain regions 104. (Note: 
in this embodiment, regions 104 are not yet formed.) FIG. 
3G shoWs the case Where the gate dielectric 110/gate mate 
rial 126 do not extend directly over regions 106 Within the 
space left by the removal of the disposable gate 120. For the 
case Where the gate dielectric 110/gate material 126 do 
extend over the facets of regions 106, the gate dielectric 110 
in part separates the gate material 126 from the source/drain 
regions 106 and/or 104, as shoWn in FIG. 4. Extension of the 
gate material 126 over regions 106 and/or 104 may be 
bene?cial in reducing series resistance of the subsequently 
formed MOSFET although an increase in gate-to-drain 
capacitance Will additionally result. The existence and/or 
optimiZation of the extension of gate material 126 depends 
on the application and trade-offs betWeen such issues as the 
before mentioned series resistance and overlap capacitance. 

Gate material 126 may comprise a non-crystalline mate 
rial substantially containing silicon or silicon-germanium, a 
doped polysilicon layer, a doped amorphous silicon layer, a 
metal layer, a composite material comprised of different 
metals or a combination of metal and semiconductor 
material, or other appropriate conductive materials (e.g., 
materials including tungsten, titanium nitride, aluminum, or 
copper). Additionally, it is noted that if a semiconductor 
material is utiliZed in part for the gate material 126, this 
semiconductor material can be doped in-situ or doped after 
deposition by means such as implantation and anneal. Dop 
ing can be by introduction of n-type dopants (e.g., 
phosphorus, arsenic or antimony) for an n-type gate material 
or by p-type dopants (e.g., boron) for a p-type gate material. 

Gate material 126 may then be patterned and etched to 
form gate electrode 112, as shoWn in FIG. 3H. By perform 
ing the gate processing after source/drain formation, heat 
treatments required by source/drain formation do not affect 
the gate dielectric 110 and gate electrode 112. Thus, a doped 
polysilicon gate electrode can be used With an ultra-thin gate 
dielectric (i.e., 60 A or even less than 30 Without having 
dopant diffuse from the doped polysilicon into the gate 
dielectric and channel region. Alternatively, a gate electrode 
comprising, in part, a metal can be used because the heat 
treatments for the source/drain formation have already been 
performed. 

If desired, a T-gate structure in Which the gate electrode 
extends over a portion of insulator layer 114 may be used to 
further reduce the gate sheet resistance, as shoWn in FIG. 
3H. In addition, having insulator layer 114 separate the 
raised source/drain regions 106 from the overlying portions 
of T-gate structure 112 results in a loW gate-to-drain capaci 
tance betWeen raised source/drain regions 106 and the 
overlying portions of T-gate structure 112. Although it offers 
some advantages, a T-gate structure is not required to 
practice the invention. 

There are several methods that may be used to form gate 
electrode 112. As a ?rst example, after deposition, the gate 
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material 126 can be planariZed back so that it is substantially 
even With insulator layer 114 to form a self-aligned non 
T-gate structure, as shoWn in FIG. 5. Subsequently, if 
desired, a T-gate structure may be formed by means such as 
a selective epitaxy of semiconductor or metal With the 
epitaxal overgrowth resulting in a T-gate structure. As a 
second example, the deposited gate material 126 may simply 
be patterned and etched to form a T-gate structure extending 
over a portion of insulator layer 114. In addition, the gate 
electrode 112 may be cladded by a loWer resistance material 
if desired. Cladding may be accomplished in a number of 
Ways including salicidation, epitaxy of, for example, a 
metal, or deposition, pattern and etch of a loW resistance 
material 

In a third example, after the gate material 126 is 
deposited, but before it is etched, a cladding material may be 
deposited. Then, the cladding material and gate material 
may be patterned and etched to form a T-gate structure 
electrode 112. In this case, both the gate material 126 and 
cladding material of electrode 112 extend over the insulating 
layer 114. 

In a fourth example, a non-T-gate structure may be formed 
as described above. Subsequently, cladding may be accom 
plished by depositing a loW resistance material (eg silicide 
or metal) and patterning and etching the cladding material 
such that it extends over a portion of insulator layer 114. In 
this case, the gate electrode 112 comprises a T-gate structure 
in Which only the cladding layer extends over insulating 
layer 114. 

Finally, the structure may be annealed at this point to 
diffuse dopant from the raised source/drain regions 106 to 
form source/drain junction regions 104 if such regions are 
desired. HoWever, it should be noted that adequate diffusion 
can be obtained during the deposition of the raised source/ 
drain if the deposition time or temperature is sufficient. The 
anneal may also be performed earlier in the process if 
desired or it may be part of another process such as the 
formation of a gate dielectric. Diffusing the dopant from a 
raised source/drain structure alloWs for shalloWer source/ 
drain junction regions 104 than are possible With an implant 
doped source/drain junction region. 

Subsequent the process How described above, conven 
tional processes may be used to form connections from the 
gate electrode 112 and source/drain regions 106 or 104 to 
other devices (not shoWn). Various modi?cations to the 
process described above Will be apparent to persons skilled 
in the art upon reference to the description. Several modi 
?cations for forming source/drain regions for MOSFET 100 
Will noW be discussed. 

In a ?rst modi?cation, instead of epitixally forming raised 
source/drain regions 106, the raised source/drain regions 
106 may be formed by other methods. For example, they 
may be formed by a non-selective deposition of the desired 
conductive material folloWed by pattern and etch of this 
material. Exemplary materials include semiconductors, 
metals, silicides, or combinations thereof. 

In second modi?cation, source/drain regions 104 may not 
be substantially formed. That is, dif?sion of dopant from the 
raised source/drain regions 106 may not be required or 
substantially required if the processes used to remove the 
disposable gate materials 122 and 124 are adjusted to 
remove a controlled small part of material 114. This, in turn, 
exposes a portion of raised source/drain regions 106 to the 
gate dielectric 110. 

It should also be noted that source/drain regions 104 may 
be formed in other Ways not requiring diffusion from raised 
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6 
source/drain regions 106. For example, regions 104 may be 
diffused from an overlying layer such a polysilicon 
germanium or doped oxide, they may implant doped using 
a variety of techniques to keep the regions 104 shalloW, or 
they may be formed using gas-immersion laser doping. 

In a third modi?cation, deep source/drain regions 132 are 
utiliZed. The raised source/drain regions 106 are annealed 
prior to removing the disposable gate 120 to form source/ 
drain regions 104, as shoWn in FIG. 6a. A sideWall spacer 
130 is formed on the sideWalls of disposable gate 120 over 
the facets of raised source/drain regions 106, as shoWn in 
FIG. 6b. After the formation of sideWall spacer 130, deeper 
source/drain region 132 are formed by, for example, means 
such as implantation and anneal, as shoWn in FIG. 6c. 
SideWall spacers 130 serve to space the deeper source/drain 
regions 132 from the subsequently formed gate electrode 
112. It should be noted that the anneal to form source/drain 
regions 104 may be part of the sideWall spacer 130 forma 
tion or the anneal to form the deeper source/drain regions 
132 instead of being a separate anneal. 
The above mentioned sideWall spacer 130 has several 

other uses that may be utiliZed alone or in addition to that 
described above. For example, the sideWall spacer 130 can 
be formed prior to the doping of raised source/drain region 
106. SideWall spacers 130 Will then prevent the implantation 
of dopant into the facets of raised source/drain regions 106. 
SideWall spacers 130 can also be used in a process for 
cladding the raised source/drain regions 106, thereby pre 
venting the cladding in a selected portion of the raised 
source/drain regions 106. This selected portion may include 
some, all or more of regions 106 than simply the faceted 
area. Cladding of the raised source/drain regions 106 can be 
accomplished using methods similar to those described 
above With reference to cladding the gate electrode 112. 
Cladding of the raised source/drain regions 104 should not, 
hoWever, occur over the entire region 106. Cladding at the 
ends of the faceted regions should be avoided since a gate 
dielectric is desired at that region and a thermally groWn gate 
dielectric Would not form over a cladded region. 

A raised source/drain MOSFET 200 formed according to 
a second embodiment of the invention is shoWn in FIG. 7. 
MOSFET 200 is formed in substrate 202 and comprises 
ultra-shalloW source/drain junction regions 204 beloW raised 
source/drain regions 206. Raised source/drain regions 206 
are, for example, doped epitaxial silicon. HoWever, other 
materials such as other semiconductors, metal and/or sili 
cides may alternatively be used. Channel doping is substan 
tially limited to the immediate channel region 208. This 
reduces the source/drain junction capacitance over the tra 
ditional methods of (a) implanting the entire active area for 
the channel implant including the source/drain junction 
regions, or (b) using non-seIf-aligned but more localiZed 
channel implant. 
A gate dielectric 210 separates the gate electrode 212 

from the channel region 208. Gate dielectric 210 may 
comprises any appropriate material. Conventionally, a ther 
mally groWn oxide, oxynitride, or deposited gate insulator is 
used. A sideWall dielectric 215 separates gate electrode 212 
from raised source/drain regions 206. The sideWall dielectric 
215 thickness is less than 200 A for deep sub-micron 
devices. SideWall dielectric 215 may, for example, comprise 
nitride. Gate electrode 212 preferably comprises a loW 
resistance material such as metal or doped polysilicon. 
HoWever, other conductive materials, such as amorphous 
silicon, a non-crystalline silicon, a composite metal 
polysilicon or metal-metal, may alternatively be used. 
Examples include aluminum over titanium-nitride and tung 
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sten over titanium nitride. Gate electrode 112 is also pref 
erably salicided to further reduce sheet resistance if poly 
silicon is used. If desired, gate electrode 212 may be formed 
into a T-gate structure as shoWn in FIG. 4. AT-gate structure 
is not required to practice the invention, but offers further 
reduction in gate sheet resistance. 

A dielectric layer 214 separates the raised source/drain 
regions 206 from the overlying portions of the T-gate 
structure 212. The material of dielectric layer 214 is chosen 
such that a disposable gate material used during processing 
may be etched selectively With respect to dielectric layer 
214. This Will be described further beloW. For example, 
dielectric layer 214 may comprise an oxide. The thickness of 
dielectric layer 214 may be tailored to alloW for a loW 
gate-to-drain capacitance betWeen the raised source/drain 
regions 206 and the overlying portion of the T-gate structure 
212. 

A method for forming MOSFET 200 according to the 
second embodiment of the invention Will noW be described 
in conjunction With FIGS. 8A—8G. Referring to FIG. 8A, a 
disposable gate 220 is formed on an active area of substrate 
202 over the region Where the channel region of MOSFET 
200 is to be located. Disposable gate 220 comprises at least 
tWo separate materials. As shoWn in FIG. 8A, three material 
layers are used. The ?rst, 222, may comprise an oxide or 
other material that may be selectively removed from sub 
strate 202 Without substantially etching into substrate 202. 
The second, 223, is a material that may be etched selectively 
With respect to the ?rst material layer 222 and several 
subsequently formed layers as Will be discussed beloW. For 
example, second material layer may comprise silicon 
germanium or silicon. If desired, ?rst material layer 222 may 
be omitted and the second material layer 223 placed directly 
on substrate 202. This is provided the second material layer 
223 can be selectively removed from substrate 202 Without 
etching into the channel region. Silicon-germanium may be 
removed selectively from substrate 202 Without etching into 
the channel region. The third material layer 224 is chosen 
such that it can be removed Without signi?cantly removing 
the subsequently formed sideWall dielectric. For example, 
the third material layer 224 may be oxide or nitride of 
appropriate thickness. 
As an alternative, ?rst material 222 may extend over the 

entire device at this point instead of just being part of the 
disposable gate. Then, as part of the sideWall dielectric 215 
formation described beloW, the portions of ?rst material 222 
not covered by sideWall dielectric 215 and second material 
223 may be removed. 

Next, a sideWall dielectric 215 is formed on the sideWalls 
of disposable gate 220, as shoWn in FIG. 8B. SideWall 
dielectric 215 is thin and may, for example be less than 200 
A for deep sub-micron devices. The material of sideWall 
dielectric 215 is chosen such that the disposable gate 220 
may be selectively removed Without substantially removing 
sideWall dielectric 215 and/or Without substantially remov 
ing sideWall dielectric 215 nearby source/drain junction 
regions 204. For example, if disposable gate 220 comprises 
the materials of oxide and siiicon-germanium or silicon, 
sideWall dielectric 215 may comprise nitride or an oxide/ 
ntride composite. Other combinations of materials and 
thicknesses Will be apparent to those of ordinary skill in the 
art. 

Raised source/drain regions 206 and source/drain regions 
204 may be formed in a variety of Ways as discussed above 
relative to the ?rst embodiment and its modi?cations. The 
remaining ?gures and discussion assume source/drain junc 
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tion regions 204 are outdiffused from raised source/drain 
regions 206, as shoWn in FIG. 8C. Although not shoWn, the 
structure of FIG. 8C may include optional shalloW junction 
extender regions, such as those shoWn in FIG. 1 region 22 
or FIG. 6. region 104. This optional shalloW junction for 
mation may be performed prior to or after the formation of 
raised source/drain regions 206. Although not shoWn, this 
optional implant is also applicable to the ?rst embodiment 
described above. Note: as an option to the preferred 
embodiment, after raised source/drain regions are formed, 
sideWall dielectric 215 or a portion of sideWall dielectric 215 
comprising nitride may be selectively removed. 

Next, a dielectric layer 214 is deposited over the structure. 
Dielectric layer 214 is then planariZed back (e.g., CMP or 
etchback) until the top of second material 223 is exposed. 
Alternatively, a patterned etch of dielectric layer 214 in the 
proximity of disposable gate 220 may be utiliZed. Thus, the 
material of dielectric layer 214 is chosen such that it can be 
selectively removed With respect to the second material 223 
and/or With respect to the third material. For example, 
dielectric layer 214 may comprise an oxide. The layer of 
third material 224 may be removed during this planariZation 
process, as shoWn in FIG. 8D. Alternatively, the layer of 
third material 224 may be removed after planariZation by 
etching using an etch that does not signi?cantly remove 
dielectric layer 214. 

Referring to FIG. 8E, the layer of second material 223 is 
then selectively removed. Dielectric layer 214 and sideWall 
dielectric 215 are not substantially removed by the etch 
because they are different materials chosen such that the 
layer of second material 223 could be selectively removed. 
It should be noted that if ?rst material 222 comprises the 
same material as second material 223, ?rst material 222 Will 
also be removed. This is not a problem as long as the 
material chosen may be removed With a high selectivity to 
silicon so that the substrate 202 in the channel region 208 is 
not etched into. Silicon-germanium is an example of a 
material that may be removed With a high selectivity to 
silicon. 

Next, a self-aligned introduction of channel dopants (e.g., 
by implantation or gas immersion laser doping) may be 
performed. The introduction of channel dopants may be 
performed prior to or after the removal of ?rst material 222. 
Because dielectric layer 214 covers raised source/drain 
regions 206, the introduction of channel dopants is substan 
tially limited to only the immediate channel 208 area. The 
introduction of channel dopants is self-aligned to the raised 
source/drain regions 206. This causes a reduction in the 
capacitance of the subsequently formed source/drain junc 
tion region over prior art methods in Which the channel 
implant is not self-aligned to the channel but extends into the 
source/drain junction regions as Well. 
At this point, a variation of the preferred embodiment can 

be utiliZed so as to remove the dielectric sideWall 215. 
Dielectric sideWall 215 may be removed by selective etching 
prior to formation of the gate dielectric 210. 

Next, a gate dielectric 210 is formed folloWed by the 
deposition of gate material 226, as shoWn in FIG. SF. Gate 
dielectric 210 may comprise a groWn and/or deposited 
oxide, oxynitride, or any other suitable gate dielectric mate 
rial including materials With higher dielectric constant than 
silicon dioxide. If gate dielectric 210 is deposited, then it 
may be nearly conformal along the vertical edges of insu 
lator 214 as Well as on top of insulator layer 214 (not 
shoWn). The lateral dimension of the gate material 226 
adjacent to the gate dielectric 210 is determined by the 
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opening in insulator material 214 left by the removal of the 
disposable gate. Thus, the actual channel length is not 
determined by the patterned etch of the gate material 226. In 
this embodiment, the opening left by the removal of dispos 
able gate 220 may not be such that the gate material 226 
eXtends over the tips of raised source/drain regions 206 
Within the space left by the removal of disposable gate 220 
due to the presence of sideWall dielectric 215. If sideWall 
dielectric 215 has been removed, then gate material 226 can 
eXtend over the tips of raised source/drain regions 206. 

Gate material 226 may comprise a non-crystalline mate 
rial substantially containing silicon or silicon-germanium, a 
doped polysilicon, a doped amorphous silicon layer, a metal 
layer, a composite material comprised of different metals or 
a combination of metal and semiconductor material, or other 
appropriate conductive material (e.g., materials including 
tungsten, titanium nitride, aluminum, or copper). 
Additionally, it is noted that if a semiconductor material is 
utiliZed in part for the gate material 226, this semiconductor 
material can be doped in-situ or doped after deposition by 
means such as implantation and anneal. Doping can be by 
introduction of n-type dopants (e.g., phosphorus, arsenic or 
antimony) for an n-type gate material or by p-type dopants 
(e.g., boron) for a p-type gate material. 

Gate material 226 may then be patterned and etched to 
form gate electrode 212, as shoWn in FIG. 8G. By perform 
ing the gate processing after source/drain formation, heat 
treatments required by source/drain formation do not affect 
the gate dielectric 210 and gate electrode 212. Thus, a doped 
polysilicon gate electrode can be used With an ultra-thin gate 
dielectric (i.e., 60 A or even less than 30 Without having 
dopant diffuse from the doped polysilicon into the gate 
dielectric and channel region. Alternatively, a gate electrode 
comprising, in part, a metal can be used because the heat 
treatments for the source/drain formation have already been 
performed. 
As shoWn in FIG. 8G, a T-gate structure in Which the gate 

electrode 212 eXtends over a portion of insulator layer 214 
may be used to reduce the gate sheet resistance. In addition, 
having insulator layer 214 separate the raised source/drain 
regions 206 from the overlying portions of T-gate structure 
212 results in a loW gate-to-drain capacitance betWeen raised 
source/drain regions 206 and the overlying portions of 
T-gate structure 212. Although it offers some advantages, a 
T-gate structured gate electrode is not required to practice 
the invention. The gate electrode 212 may be formed in a 
variety of Ways as discussed above relative to the ?rst 
embodiment eXcept that gate electrode 212 may not be 
formed so as to overlie portions of raised source/drain 
regions 206 and source/drain regions 204 separated only by 
gate dielectric 210. SideWall dielectric 215 may prevent gate 
electrode 212 from being separated from regions 206 only 
by gate dielectric 210. If sideWall dielectric 215 has been 
removed, then gate electrode 212 can be separated from 
regions 206 by only gate dielectric 210. 

Processing then continues With the formation of intercon 
nections betWeen MOSFET 200 and other devices (not 
shoWn) as is knoWn in the art. 

While this invention has been described With reference to 
illustrative embodiments, this description is not intended to 
be construed in a limiting sense. Various modi?cations and 
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10 
combinations of the illustrative embodiments, as Well as 
other embodiments of the invention, Will be apparent to 
persons skilled in the art upon reference to the description. 
It is therefore intended that the appended claims encompass 
any such modi?cations or embodiments. 

What is claimed is: 
1. A method of forming a transistor comprising the steps 

of: 

forming a disposable gate over a de?ned channel region 
of a substrate; 

forming a sideWall dielectric adjacent said disposable 
gate; 

forming a source/drain region adjacent said sideWall 
dielectric; 

forming a dielectric layer over said source/drain region, 
said dielectric layer comprising a material that may be 
removed selectively With respect to said sideWall 
dielectric; 

selectively removing said disposable gate Without sub 
stantially removing said sideWall dielectric; 

selectively removing said sideWall dielectric; 
forming a gate dielectric over said de?ned channel region, 

after said step of selectively removing said sideWall 
dielectric; 

forming a gate electrode over said gate dielectric. 
2. The method of claim 1, Wherein said step of forming a 

source/drain region comprises the steps of: 
forming a raised source/drain region; and 
diffusing dopant from said raised source/drain region into 

said substrate. 
3. The method of claim 1, Wherein said disposable gate 

comprises a ?rst material layer and a distinct second mate 
rial layer. 

4. The method of claim 3, Wherein said ?rst material layer 
comprises oXide and said second material layer comprises 
silicon germanium. 

5. The method of claim 3, Wherein said ?rst material layer 
comprises oXide and said second material layer comprises 
silicon. 

6. The method of claim 3, Wherein said disposable gate 
further comprises a third material layer above said second 
material layer. 

7. The method of claim 6, Wherein said ?rst material layer 
comprises a dielectric, said second material layer comprises 
a semiconductor, said third material layer comprises a 
dielectric, said sideWall dielectric comprises a nitride, and 
said dielectric layer comprises an oXide. 

8. The method of claim 7, Wherein said semiconductor is 
silicon. 

9. The method of claim 7, Wherein said semiconductor is 
silicon germanium. 

10. The method of claim 7, Wherein said ?rst material 
layer comprises oxide. 

11. The method of claim 7, Wherein said third material 
layer comprises nitride. 

12. The method of claim 7, Wherein said third material 
layer comprises oxide. 

* * * * * 
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